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Introduction : Interplanetary space is populated ulih particles in heliocentric 

.orbits* This interplanetary material is of great interest to astrophysicists^ and 
astronautical engineers because meteoritic material nay contribute to the tSfrder-* 
standing of tha nat ure and or igin of the solar system and may effect th^' operation 
of space vehicles «- The snail (cosmic dust^^.icls.§A are often called \mi or ometoorat.ee*, 
Their characteristics are still poorly kno??n* although recent investigations *;rotn 
oat sllites^and rock efcs have .contribut ed considerable information* Much of That 
is kn oTm about interplanetary material of relatively large masses* greater tnan 
1P^ grams* has been obtained from radio and optical observations of meteors and toe 
analysis of meteorites* *While meteorites probaoxy have originated from the 
asteroids * there is considerable evidence that meteors of masses less than a ioi* 
grams and micrometeoritas originated primarily from comets * 

The sodiacal light* as well as the Franhofer corona* establishes the existence 
of interplanetary particles end is eh important source ox information aoout fans 

i9ua+.« Thici- the nucleus of conats are highly 
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concentrated near the orbits of the comets and are the source of the major 
meteor streams. The zodiacal clou'd is the near equilibrium distribution of 
interplanetary dust maintained, mainly by the disintegration of new comets . The 
meteor! tic dust is dispersed by several effects in addition to the small injection 
velocityfrom the cometary nucleus, including light pressure, the solar wind, 
solar-radiation drag (as Poynting-Robertson effect), planetary interactions,.^.. and • 
colli s ions with other particles. Dust particles are removed from interplanetary 
space by radiation expulsion from the solar system, by solar capture, and by 
collisions with the planets. Near the earth at 1 a.u. the heliocentric 
velocities are about 40 km/sec and the range of geocentric velocities is from 
11 km/sec to nearly 75 km/sec. 

Extensive investigations of optical and radio meteors have yielded data on 
the distribution of meteor masses, velocities and orbital elements, the seasonal 
^nd diurnaL va ria tions in the flux of sporadic meteors, and meteor streams. The 
cumulative mass distribution obtained from measurement of the populations of 
meteorites and meteors has been extended to small particles in the micrometeorita 
rqnge from satellite and rocket measurements. The material presently of most 
interest in space activities, having sufficiently high impact r*T€S and large 

9 

enough to damage vehicles are in the mass range below 10r* grams, th<2. present radar 
Unit* The largest micrometeorites measured from satellites is abo_t 10”^ grams, 
Itfavfngr a mass range filch must be interpolated. The direct measurements of thej 
mass distribution, structure, and other properties of microns teorites are reviewed 
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Satellite Measurements: 


Direct measurements of the flux of micro met eorit e s have 


boon made with acoustical impact detectors, photomultipliers and rocket collection 


Large numbers of impacts were recorded from satellites usin<r microphone 


detectors beginning with the Sbcplorer measurements in 19 53. The measurements 
wore characterised by daily fluctuations of impact rate of about an order of 
magnitude. On several occasions meteor showers could positively be identified 
as the non-retrograde, sporadic, micrometeorite stream measured from Explorer I 
(figure 1). More than ten thousand impacts have been recorded from satellites j 
nearly all of them have been obtained "with the microphone detectors. An average 


cumulative mass distribution curve for the vicinity of the earth has been derived 


from most of the available direct measurements obtained v/ith microphone and 

photomultiplier systems (figure 2), Alexander et al 1963). The size of plotted 

points is proportional to the estimated statistical weight of the measurements used 

ih defining the curve. The microphone data has been obtained for the mars range 
■S -10 -f -7 _ 

fjfom 10 to 10 grams. The photomultiplier impact-flash results allow an 

extension of the distribution curve to approximately 10- '"“'e. The extra high 

° ' ■% 

influx rates reported from the rocket collection experiaant (KbMenw&y and Soberman, 

Ivol) in. the altitude region from 80 to 150 km and may contain 

pun)ey0d£ decelerated micrometeorites. The cumulative mass distribution curve appears 

to change slope rapidly with decreasing particle size in the mass region near the 

the 

limit where, solar radiation pressure becomes /predominant force on the particle* 


The result from the Scplorer XVI measurements are discussed below* 
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Gfslmar - In* ero la net ar y Spa ce : Tha spatial density of interplanetary dust 

' " " ' '3 

inferred from sodiacal light measurements at 1 a.u. is about 10 times less 

than that obtained from the direct measurements from rockets and satellites. 

In cisimysr space, the influx rate measured from Pioneer I at geocentric 

2 

distances between 6 and 20 earth radii was found to be about 10 times lower 

than the average mass distribution curve (figure 2). Results from the Soviet 

lunar probes do not indicats this type of deviation. The Mariner II measurements 

-10 

in interplanetary space, sensitive to particle impacts of mass 2 x 10 g, indicated 
4 

an impact rats 10 times lower than the average mass distribution curve and 
appro unntely the value derived from sodiacal light measursmsnts . 


Rocket Collections : The recent collections of micrometeorites with sounding 

rockets in the United States and Sweden beginning in 1962 have resulted in new 
information about the structure, composition, and flux of particles. For very 
small dust particles, the deceleration heating in the atmosphere is constrained 
Sufficiently by radiative cooling to keep the particles from melting. Particles 
recovered using clean, controlled collectors are essentially unchanged structurally 

i 

because the atmospheric deceleration involves sputtering V/ihctzf melting. The 
types of particles ob$exVe<K include: (1) extaemeiy irregular, o? on-structured, 

fluffy particles) (2) medium density, irregular particles; and (3) high density 
sph orioles, which may have melted. The majority of the particles showed no 

crystal patterns. From electron probe and neutron activation analysis 
qlbmftfunt, silicon, titanium, iron, traces of nickel, magnesium, calcium and other 
el gjneafcs were found. 
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T7rfct, Soberman, and Hamenway (1964) found 10 times more particles in the rocket 
collections through a noctilucent cloud in Sweden. Evidence of iron particles 
with high nickel content was found. Although the particles were probably cf 
extraterrestrial origin, a significant fraction of the particles appears to have 
been coated with terrestrial ice. A sharp cutoff in particle distribution function 
was found to be at 0.05 microns diameter. 


Cumulative ?<Sas3 Distribution: 


The cumulative mass distribution for interplanetary 


dust particles derived from selected data by McCracken and Dubin (1963) (figure 3), 


has been obtained from the frequency of meteorite falls, from observations of 
meteors, and -from 4ust,m3asur r e2snts with rocks ts and satellites. The cumulative flux 
of mass, a, and larger is plotted as a function of mass. The data obtained 
from direct measurements and the studies of meteorite falls are plotted directly 
in terms- of particle mass. The data from meteor observations are plotted in 
terms of visual magnitude, H , which is a logarithmic measure of luminous intensity. 
For radio meteors the visual magnitude is expressed in terms of electron line 
density and may be compared to optical meteors In the region of overlap. Major 
uncertainties in the mass to visual magnitude relation hare existed. The zero 
magnitude meteor is plotted at a mass of one gram. 
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The influx rate, 1| may be expressed for different portions of the mass 


distribution as follows : 



f m SOjV* 'l 
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Kaiser (1961) 

log l(M v ) 
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r 
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Satellites 

log 1(a) 

a -17.30 - 1.70m 

10" 10 g<m<10~ 6 g 

The flux of rocket 

—X 

collected particles was found to be proportion to whers 

x <4/3 . The results from the 

photometric studies of zodiacal light of Ingham (1961) 

and Elsas ser (1954) have also been plotted in the appropriate 

sice range. The 

distribution was integrated to give the cumulative size dictr 

ibution and converted 

to a particle flux assuming a 

J 

mass density of 1 g/cia and an 

average speed of 


10 km/sec. This cumulative influx rate as a function of mass curve represents as 
average of expected conditions near earth and in interplanetary space. The 
mechanism for the difference in flux measured near the earth is presently not 
adequately explained. The cumulative mass distribution curve probably does not 
have any large uncertainties. In the meteor range, although excursions during 

treteor showers occur, the sporadic flux on the Sverige contains the majority 
of pfcrflclds. The relative intensities of r-early all "the. showers decrease vlth 
decreasing particle mass. The undertainty in the mass of dust particles from direct 
measurements is small, abbut a factor of 2. 
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The mass expected to be required for penetrating these surfaces is less than 

-9 

10 grans for hard spherical particles. This discrepancy ma y be partly resolved 
if the Impacting particles are mainly of the type collected tdth sounding roclats; 
irregular, elongated, low density particles. Recently an experimental extension 
of the penetration depths to very small particles has indicated th 3 1 penetration 
depth does not extrapolate linearly Tdth the cube root of the particle mass. 
L’Auitolo (private communication) has computed the decrease in penetration depth 
expected for cosmic dust particle impacts on Explorer XVI and found good agreement 
with the cumulative mass distribution curve obtained from the microphone 
experiment . 


Concluding BeaarkB i ^The ^ay^la^. e knowledge about micrometeorites indicates a 
higher il ; ]£g| 


afirbh than in interplanetary space. The 


m 2 chaxdsm|"‘TbF”''CR , S l L i^JralTTuii “tv the high near-earth flux is not adequately under- 


stood. Other ^aeureia^l^'ST^port this influx rate, fhe.^accreti onj of interplanetary 

material by the earth is dominated by dust particles with masses less than ICT^g 

/ 

and amounts to about 10 tons per day. Further investigations of oicroneteorite 
trajectories, composition and structure are desirable. 
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IlHS. °i P hysics : The effects from hypervelocity impacts are of interest to the 

engineer and for the calibration of the direct measurements . Direct calibration 

in ‘one meteor range of speeds, 20 to 50 km/sec have not been made, because of the 

ctxf fictixiiy in simulating the high velocities. The hypervelocity iipact craters 

and spallation effects are proportional to the velocity, mass, and density of the 

particle and the properties of the target (and particle). At velocities less than 

10 km/sec the depth of penetration, p, is proportional to v^, where v is the 

velocityj while at higher speed it may depend on . A dependence on density ,y0 , 

has been found. A depth of penetration equation of the fora 

d s A. (mp)^(-ircose') 1 ^ 

J 

maybe used to estimate relative penetration characteristics. A-^ is a constant 
depending upon the properties of the target and v cos©, is the normal component of 
the particle velocity* 


EXPLORER XVT : The rate of penetration of surfaces of large area by micromateoritas 
isras measured by Kxolor er XVI. D’Auitolo (1964 ) has reported the results of 
these measurements . The various penetration detectors covered an area of 2.2 
square meters and were exposed in orbit for 220 days. Most of the penetrations 
vrere obtained in the pressurized beryllium-copper cans with an initial exposed 
ircat 1.02 square meters for cans of 25 micron (1 mil) thickness (figure 4) . The 
penetration rate of the 25 micron cans was 4.4 x 10/', /sec based on 44 penetrations. 
A comparison penetration rate based upon 6- penetrations OX uh.C 2 T, icron thick 
stainless steel plates with an initial exposed area of 0.3^5 -qua re meters was 

—6 0 rtO 

3 x 10 /n /sec . The influx rates coi’respond to particles of mass lO^grams 

(see figure 3). A ,%\ 

\jo ) 



Jigure lo Impact rates during the February 1953 interplanetary dust 
particle event. 

figure z. An average cumulative mss distribution curve for the vicinity of 
ins earth derived from available direct measurements obtained with 
microphone and photomultiplier systems . 

Figure 3. Cumulative mass distribution for interplanetary dust particles, 
derived from the studies of the frequency of meteorite falls, 
irom observations of meteors, and from direct measurements obtained 
■Kith rockets and satellites. 

Figure 4. Cumulative penetrations recorded on Explorer XVI for the 25 and 51 
micron beryllium-copper pressurised cells, the 25 and 76 micron 
stainless steel plates, and the 51 3nd 76 diameter copper wire 
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